REMARKS 



This is in response to the Office Action dated October 4, 2006. In view of the foregoing 
amendments and following representations, reconsideration is respectfully requested. 

By the above amendment, claims 1-5 are amended. Thus, claims 1-7 are currently 
pending in the present application. Note the claim amendments are limited to clarifying 
amendments, and are not submitted for the purpose of narrowing the scope defined by the 
original claims. 

Further, to facilitate the Examiner's reconsideration of the present application, the 
specification and abstract have been reviewed and revised to make a number of minor clarifying 
amendments. To facilitate entry of the amendments, a substitute specification is submitted 
herewith. No new matter has been entered . Also enclosed is a "marked-up" copy of the original 
specification and abstract to show the changes that have been incorporated into the substitute 
specification and abstract. The enclosed copy is entitled "Version with Markings to Show 
Changes Made." 

On pages 2-4 of the Office Action, claims 1-7 are rejected over the prior art with the 
Examiner particularly relying on Mochida et al. (JP 2002-217480). hi particular, on page 2 of the 
Office Action, the Mochida et al. publication is applied in a rejection under 35 U.S.C. 102(b). 
However, the Mochida et al. publication does not qualify as prior art under 35 U.S.C. 102(b) as 
will be demonstrated below. 

The Mochida publication (JP 2002-217480) is not available as prior art under 35 U.S.C. § 
102(b) because the publication date (August 2, 2002 ) is not more than one year prior to the U.S. 
filing date (July 30, 2003) of the present application. Further, the inventive entities of the 
Mochida publication and that of the present application are the same . Therefore, the Mochida 
publication is not "by others" (see MPEP 2132 III), and does not qualify as prior art under section 
(a)of35U.S.C. § 102. 

In view of the above, it is clear that the Mochida publication is not available as prior art 
against the present application. Accordingly, the Examiner is requested to withdraw the 
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rejections of claims 1-7 which each rely on the Mochida publication. 

In view of the above, it is submitted that the present application is now clearly in 
condition for allowance. The Examiner therefore is requested to pass this case to issue. 

In the event that the Examiner has any comments or suggestions of a nature necessary to 
place this case in condition for allowance, then the Examiner is requested to contact Applicant's 
undersigned attomey by telephone to promptly resolve any remaining matters. 



Respectfully submitted. 



Atuhito MOCHIDA et al 




Michael S. Huppert 
Registration No. 40,268 
Attomey for Applicants 

MSH/kjf 

Washington, D.C. 20006-1021 

Telephone (202) 721-8200 
Facsimile (202) 721-8250 
January 4, 2007 
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SPECIFICATION 



TITLE OF THE INVENTION 

A SEMICONDUCTOR LASER DEVICE AND A METHOD OF MOUNTING A 
SEMICONDUCTOR LASER COMPONENT ON A SUBMOUNT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor laser 
device having a semiconductor laser component mounted thereon 
and a method of mounting the semiconductor laser component on a 
submount . 

2. Description of the Related Art 

When a semiconductor laser component is used in systems 
such as an optical communication system, an optical disk, a 
laser, a laser-beam printer and the like, such element is 
packaged suitably for its use. In packaging the semiconductor 
laser component, a direct bonding method of directly bonding 
the semiconductor laser component to a component, which is 
disposed in the package, such as a metal block, a circular stem, 
and the like can be used. However, since a structure obtained 
through this method is simple while the heat releasing property 
of the semiconductor laser component is not good, temperature 
thereof increases and thus a lifetime of the semiconductor 
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laser component is shortened. For this reason, it is difficult 
to use the direct bonding method in a high-power semiconductor 
laser component. 

Therefore, in order to solve the above problem, there has 
5 been a method for mounting a semiconductor laser component on a 
submount made of Si or SiC that is excellent in thermal 
conductivity and processability and also a method for bonding 
the resultant semiconductor laser device to a package. 
Recently, a bonding method using a submount having an excellent 

10 heat releasing property is widely used. 

Now, a conventional method of mounting a semiconductor 
laser component will be described. 

Fig. lA is a view illustrating processes of mounting a 
semiconductor laser component, wherein reference numeral 1 

15 indicates a semiconductor laser component, reference numeral 2 
indicates a submount, reference numeral 3 indicates a bonding 
member made of eutectic crystal solder, reference numeral 4 
indicates a collet, and reference numeral 5 indicates a heating 
table. First, as shown in Fig. lA, the submount 2 is set on 

20 the heating table 5 and then the submount is heated up to a 

temperature of 183 °C or more at which the bonding member 3 on 
the submount 2 can be melted. In the meantime, the 
semiconductor laser component 1 is held through vacuum 
absorption by the collet 4, and is positioned on the mount 
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surface of the submount 2 . 

Next, as shown in Fig. IB, after the bonding member 3 is 
melted, the collet 4 holding the semiconductor laser component 
1 descends and the semiconductor laser component 1 mounted on 
5 the bonding member 3 of the submount 2 is cooled. At that time, 
in order to secure an enough sufficient bonding area between 
the semiconductor laser component 1 and the submount 2 
sandwiching the bonding member 3 and to improve the heat 
conductivity by making the bonding member 3 thin, the 

10 semiconductor laser component is pressure bonded on the 

submount by the collet 4, Next, as shown in Fig. IC, after the 
bonding member 3 is completely coagulated, the collet 4 
releases the semiconductor laser component 1 and ascends. 
The bonding method using the submount enables for the 

15 semiconductor laser component to be high-powered. However, the 
higher-powered semiconductor laser component results in 
enlargement of the submount, and widening of the bonding area 
between the semiconductor laser component 1 and the submount 2 
sandwiching the bonding member 3 . 

20 In this regard, the enlargement of the submount 2 and the 

widening of the bonding area accompanied with the higher- 
powered semiconductor laser component have caused the following 
problems . 

A volume of a substance is varied according to variation 
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of temperature, and the rate of change (thermal expansion 
coefficient) of every substance is different. For this reason, 
when different substances (for example, semiconductor laser 
component and submount) are heated to bond to each other, since 
5 difference in temperature exists for a time period from the 

complete coagulation of the bonding member to the recovery to a 
normal temperature. Thus, a shearing force due to difference 
in thermal expansion coefficient is generated in the bonded 
portion and this shearing force causes a residual stress in the 
10 substances. Further, the residual stress is varied depending 

upon sizes and shapes of the substances and the residual stress 
generated in the semiconductor laser component 1 because of the 
following reasons increase with the enlargement of the submount 
2. 

15 Figs. 2A to 2D are conceptual views illustrating variation 

in residual stress depending upon variation in size of the 
submount 2, in which Figs. 2A and 2B are an overview and a 
conceptual view illustrating generation of stress when the 
submount 2 is small and Figs. 2C and 2D are an overview and a 

20 conceptual view illustrating generation of stress when the 

submount 2 is large. When the thermal expansion coefficient of 
the semiconductor laser component 1 is larger than that of the 
submont, a force acts on the semiconductor laser component 1 in 
a direction of decreasing the bonding area and a force acts on 



the submount 2 in a direction of maintaining the bonding area, 
When the submount 2 is small as in Fig. 2B, the force of 
maintaining the bonding area is a shearing force generated when 
the submount 2 below a bonding surface is compressed. When the 
submount 2 in Fig. 2D is larger than the submount 2 in Fig, 2B, 
the force of maintaining the bonding area is the shearing force 
generated when the submount 2 below the bonding surface is 
compressed and a shearing force generated when the remaining 
submount 2 at the periphery of the submount 2 in which the 
shearing force is generated is tensioned. When the 
semiconductor laser components 1 have the same size in the two 
cases, the shearing forces generated when the submount 2 is 
compressed are equal to each other. Therefore, the large 
submount 2 has the stronger force of maintaining the bonding 
area by the shearing force generated due to the tension, and 
this shearing force becomes stronger with increase in size of 
the submount 2. For this reason, the larger the submount 2 
becomes, the stronger the shearing force acting on the 
semiconductor laser component 1 becomes. Therefore, the 
residual stress generated in the semiconductor laser component 
1 increases with increase in size of the submount 2. 
Furthermore, the same is true of the semiconductor laser 
component 1 having a smaller thermal expansion coefficient. 

Furthermore, if the bonding area between the semiconductor 
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laser component 1 and the submount 2 sandwiching the bonding 
member 3 is made large in order to enhance the heat 
conductivity, the residual stress of the semiconductor laser 
component 1 increases for the following reasons. When the 
5 semiconductor laser component bonded to other substance is 
cooled, compression occurs around a center of the bonding 
surface. For this reason, the farther a place is from the 
center, the greater the difference in the amount of compression 
between different substances becomes and thus the shearing 

10 force becomes lager larger . If the bonding area increases, 

places away from the center are bonded, and thus the shearing 
force becomes larger than the area ratio. For this reason, the 
residual stress due to this shearing force increases. 
As described above, in order to secure an enough 

15 sufficient bonding area between the semiconductor laser 

component 1 and the submount 2 sandwiching the bonding member 3 
and to improve the heat conductivity by making the bonding 
member 3 thin, the semiconductor laser component is pressure 
bonded on the submount by the collet 4. However, since the 

20 semiconductor laser component 1 and the submount 2 are bonded 
with the stress generated due to the pressure bonding, the 
stress due to the pressure bonding remains in the semiconductor 
laser component 1 even after the release of the pressure 
bonding by the collet 4. At that time, if the bonding area 
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enlarges, the fluid resistance of the bonding member 3 
increases and thus the force required for the pressure bonding 
increases. For this reason, the residual stress remaining in 
the semiconductor laser component 1 due to the pressure bonding 
5 increases with the enlargement of the bonding area. 

In order to improve the heat releasing property, the 
submount 2 is bonded to the vicinity of a light emitting region 
of the semiconductor laser component 1. For this reason, the 
light emitting region is positioned at a position having a high 

10 residual stress in the semiconductor laser component 1, 

In general, when current flows in the semiconductor laser 
component 1 by applying a stress of lOOMPa or more to the light 
emitting region, crystals are transposed, which deteriorates 
the laser characteristic or destroys the semiconductor laser 

15 component 1. This phenomenon occurs when the stress of lOOMPa 
or more is applied to a part o,f the light emitting region. In 
addition, the higher-powered semiconductor laser component 1 
makes the residual stress in the light emitting region larger. 
For this reason, when current flows, the laser characteristic 

20 is deteriorated or the semiconductor laser component 1 is 
destroyed. 

However, as described above, since the residual stress of 
the semiconductor laser component 1 is generated locally due to 
various causes and the distribution of stress varies due to 
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sizes and shapes of the semiconductor laser component 1, the 
submount 2 and the collet 4, and the pressing force of the 
collet 4, etc. Accordingly, there is no correlation between 
the macroscopic deformation (bending) and the residual stress 
of the semiconductor laser component 1, which makes it 
difficult to specify the causes. 

SUMMARY OF THE INVENTION 

In order to solve the above problems, it is an object of 
the present invention to provide a method of mounting a 
semiconductor laser component capable of preventing 
deterioration of laser characteristics and dcotroy destruction 
of the semiconductor laser component due to residual stress as 
well as preventing decrease of a lifetime due to increase in 
temperature of the semiconductor laser component. 

In order to accomplish the above object, the present 
invention provides a method of mounting a semiconductor laser 
component having a light emitting portion on a submoimt through a 
bonding member, the method comprising steps of: setting the 
submount having a bonding member at a mount surface thereof on 
a heating tables- 
heating the submount to bring the bonding member up to a 
temperature more than a melting point thereof; 

positioning the semiconductor laser component on the mount 



surface of the submount, by a collet means, ; 

pressure -bonding the semiconductor laser component on the 
mount surface of the submount by the collet means; and 

heating again the submount on the heating table without 
5 pressure by the collet after the bonding member is completely 
coagulated. 

According to the present invention, since the 
semiconductor laser component is pressure -bonded on the mount 
surface of the submount by the collet and then the 

10 semiconductor laser component is released from the collet after 
the bonding member is completely coagulated, the bonding member 
is very thin (the bonding member having a thickness of 4 ± Ipm 
is pressure bonded into a thickness of about Ipm to about 
1.5pm) . Thus, heat is released from the semiconductor laser 

15 component to the submount without any hindrance. Furthermore, 
by heating again the pressure -bonded semiconductor laser 
component through the submount up to a melting point of the 
bonding member, it is possible to decrease the residual stress 
of the semiconductor laser component. Therefore, the bonding 

20 area between the semiconductor laser component and the submount 
can be secured sufficiently, the thickness of the bonding 
member can be made very thin to enhance heat conductivity, and 
the residual stress of the semiconductor laser component can be 
decreased, so that deterioration of laser characteristics and 



destruction of the semiconductor laser component can be 
suppressed. Besides, the process of heating again (second 
heating) makco decreases the residual stress dGGrcaocd without 
mis-registration of the bonding position and also an increase 
5 of the bonding thickness_;_ 

In the present invention, the submount may be provided 
with Au plating at a bonding surface area for a^laser component 
to decrease the thermal contact resistance during the bonding 
process. The process of heating again should be carried out for 

10 a plurality of laser components together to shorten the 

mounting time, by which it is possible to improve productivity 
and reduce cost. 

In the present invention, since a method of the first 
heating is different from that of the second heating, 

15 respectively, each heating is carried out suitably for each 
heating condition, which makes it possible to improve 
productivity and reduce cost. 

According to the present invention, the heating of the 
submount can be carried out using various methods. However, by 

20 heating the submount using a hot-air heating method, the 

vicinity of the bonding member inherently to be heated can be 
concentrically heated or a plurality of submounts can be heated 
together without complicating a heating apparatus. Further, by 
directly heating the submount using an ohmic- resistance heating 
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method, the heat quantity generated within a mounting apparatus 
can be decreased and the destruction due to increase in 
temperature of the mounting apparatus can be prevented. 
Furthermore, by heating the submount using a high-frequency 
5 heating method, a plurality of submounts can be heated together 
without complicating a heating apparatus. 

According to the present invention, even if a Pb-free 
solder (such as Au-Sn, An-Ag-Bi-In, Sn-Zn-Bi, Sn-Bi-Ag) having 
a melting point higher than that of an eutectic crystal solder 

10 (Pb-Sn) is used as the bonding member, the residual stress can 
be released by heating again the laser components, and as a 
result, the Pb-free bonding can be realized. 

According to the present invention, although a GaN or GaAs 
or AlInGaP system semiconductor element is used as the 

15 semiconductor laser component and Si or SiC is used as the 
submount, the residual stress does not remain in the 
semiconductor laser component and thus combination of both 
materials can be combined. 

According to the present invention, since a semiconductor 

20 laser device having a semiconductor laser component mounted on 
a circuit board through a submount, wherein the semiconductor 
laser component is mounted on the submount through a bonding 
member including a Pb-free solder member by pressure bonding in 
a manner to have a residual stress due to the pressure boding 
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the semiconductor laser device on the submount, it is possible 
to prevent deterioration of laser characteristics and 
destruction of the semiconductor laser component. 

Furthermore, although the present invention is described 
5 below based on embodiments of a semiconductor laser component, 
the present invention is applicable to a method of mounting an 
electric element, similar to the semiconductor laser component, 
to a submount by means of pressure -bonding. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objectives and features of the present 
invention will become more apparent from the following 
description of preferred embodiments thereof with reference to 
the accompanying drawings throughout which like parts are 
15 designated by like reference numerals, and wherein: 

Figs. lA to IC are side views illustrating processes of 
mounting a semiconductor laser component; 

Figs. 2A to 2D are conceptual view illustrating 
differences in residual stress depending upon different sizes 
20 of a submount; 

Figs. 3A and 3B are side views illustrating a first 
heating process and a second heating process in Example 2; and 

Fig. 4 is a time -distribution view of comparing the 
mounting time according to Examples 1 and 2. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will 
be described with reference to Figs. 1, 3 and 4. 
5 (Example 1) 

Fig. 1 is a side view illustrating processes of mounting a 
semiconductor laser component. The semiconductor laser device 
comprises a AlInGaP semiconductor laser component 1 having a 
light emitting portion, an SiC submount 2 for mounting the 

10 semiconductor laser component 1, and an Pb-Sn solder bonding 

member 3 for bonding the semiconductor laser component 1 on the 
mount surface of the submount 2 . In the conventional mounting 
method, as shown in Fig. lA, first, the submount 2 is set on a 
heating table 5, and the submount 2 is overheated up to a 

15 temperature more than a melting point of the bonding member 3 
on the submount 2. In the meantime, a collet 4 holds the 
semiconductor laser component 1 through vacuum absorption, etc., 
and the semiconductor laser component is positioned on a mount 
mounting surface of the submount 2. Next, as shown in Fig. IB, 

20 after the bonding member 3 is melted, the collet 4 (heat 
resisting steel alloy) holding the semiconductor laser 
component 1 descends and the semiconductor laser component 1 
mounted on the bonding member 3 of the submount 2 is cooled. 
At that time, in order to secure aR-enough bonding area between 



14 



the semiconductor laser component 1 and the submount 2 
sandwiching the bonding member 3 and to improve the heat 
conductivity by making the bonding member 3 thin, the 
semiconductor laser component is pressure bonded on the 
submount by the collet 4. Next, as shown in Fig, IC, after the 
bonding member 3 is completely coagulated, the collet 4 
releases the semiconductor laser component 1 and ascends. 0h 
the contrary, — arft -In this embodiment, the submount 2, on which 
the semiconductor laser component 1 is mounted, is heated again 
(reheated) up to a temperature more greater than a melting 
point (183°C) of the bonding member 3, after the conventional 
processes . 

Next, advantages of the mounting method according to this 
embodiment will be described. In the conventional mounting 
method, since the semiconductor laser component 1 and the 
submount 2 are heated and bonded, a difference in temperature 
is generated from a period of completing coagulation of the 
bonding member 3 to a period of recovery to a normal 
temperature, and thus a residual stress due to a difference in 
thermal expansion coefficient is generated in the bonded 
portion. Furthermore, in order to secure ait-enough bonding 
area between the semiconductor laser component 1 and the 
submount 2 sandwiching the bonding member 3 and to improve the 
heat conductivity by making the bonding member 3 thin, the 
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semiconductor laser component is pressure bonded on the 
submount by the collet 4 . 

For this reason, since the semiconductor laser component 1 
and the submount 2 is bonded to generate the stress, the stress 
5 due to the pressure bonding remains in the semiconductor laser 
component 1 even after the pressure bonding by the collet 4 is 
released. This residual stress increases due to the 
enlargement of the submount 2 and the increase of the bonding 
area accompanied with the high-power semiconductor laser 

10 component. In order to improve the heat releasing property, 

the submount 2 is bonded fee — in the vicinity of a light emitting 
region of the semiconductor laser component 1, and as a result, 
the residual stress generated in the semiconductor laser 
component 1 is concentrated in the vicinity of the bonding 

15 surface with the submount 2. Therefore, the residual stress 
becomes higher in the light emitting region. 

In general, when current flows in the semiconductor laser 
component 1 by applying a stress of lOOMPa or more to the light 
emitting region, crystals are transposed, which deteriorate the 

20 laser characteristic or destroys the semiconductor laser 

component 1. Conventionally, since the residual stress was 
small in the semiconductor laser component 1, the destruction 
of the semiconductor laser component 1 due to the crystal 
transposition did not occur. However, with the increase of the 
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residual stress accompanied with the recent high power, the 
semiconductor laser component 1 is destroyed due to the crystal 
potential . 

On the contrary, in this embodiment, in order to decrease 
the residual stress of the semiconductor laser component 1, the 
submount 2, on which the semiconductor laser component 1 is 
mounted, is heated again up to the temperature that is m ore 
than the melting point of the bonding member 3 after the 
conventional processes. By melting the bonding member 3 again, 
the bonding containing the stress of the semiconductor laser 
component 1 and the submount 2, which is a cause of the 
residual stress, is released, and thus the residual stress is 
released from the semiconductor laser component 1 and the 
submount 2 . 

Thereafter, when the bonding member 3 is coagulated by 
cooling again, the semiconductor laser component 1 and the 
submount 2 are bonded with release of the residual stress due 
to the pressure bonding of the collet 4 . In addition, the 
pressure bonding by the collet 4 in the first heating, can make 
the bonding area between the semiconductor laser component 1 
and the submount 2 secured sufficiently and the bonding member 
3 can be made very thin. Thus, it is not necessary to carry 
out the pressure bonding by the collet 4 in the second heating 
process . In this embodiment as described above, since it is 
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possible to decrease the residual stress of the semiconductor 
laser component 1 together with the required heat releasing 
property, it is possible to prevent the deterioration of laser 
characteristics or the destruction of the semiconductor laser 
5 component . 

Furthermore, in the above embodiment, although the 
submount 2 is heated on the heating table 5, the same 
advantages can be obtained by using at least one selected from 
the group consisting of hot-air heating, ohmic- resistance 
10 heating or high-frequency heating. Furthermore, the heating 
may be carried out through the collet. 
(Example 2) 

Figs. 3A and 3B illustrate a first heating process and a 
second heating process in Example 2. The construction of the 

15 semiconductor laser device, the conventional mounting method, 
and the mounting process of this embodiment are similar to 
those in Example 1. This embodiment is different from Example 
1 as follows. I n Examplcl Example 1 , the first heating and the 
second heating operations are carried out using the same 

20 heating apparatus, but in this embodiment, an apparatus for the 
first heating operation is different from an apparatus for the 
second heating operation and a plurality of the semiconductor 
laser components is heated again together. 

Next, advantages of the mounting method according to this 
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embodiment will be described with reference to a comparison 
diagram in Fig. 4 of comparing which compares the mounting time 
according to Example 1 with that of Example 2 . The problems of 
the conventional mounting method and the advantages in that the 
5 submount 2, on which the semiconductor laser component 1 is 

mounted, is heated again up to the a temperature more greater 
than the melting point of the bonding member 3 are similar to 
those in Example 1 . 

In Example 1, since the first heating operation and the 

10 second heating operation are carried out using the same heating 
apparatus, the mounting apparatus can be enlarged but the 
mounting time can be lengthened due to the second heating 
operation . In addition, since the second heating operation 
does not use the collet 4, the production efficiency decreases. 

15 On the contrary, in this embodiment, since the first 

heating and the second heating operations are carried out using 
different heating apparatuses, the mounting apparatus is 
enlarged. However, the collet 4 can always be utilized, which 
makes it possible to prevent the decrease of -fehe— production 

20 efficiency. As a result, as shown in Fig. 4, the mounting time 
is shortened more in this embodiment, and the shortened time 
increases in proportion to the number of semiconductor laser 
components to be produced. 

Furthermore, since the semiconductor laser device is 
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heated without using the collet 4 in the second heating 
operation , the heat capacity for heating can be saved more than 
in the case that the plurality of semiconductor laser 
components are simultaneously heated, and thus it is possible 
5 to reduce cost and to prevent the destruction due to increase 
in temperature of the mounting apparatus. 

Furthermore, although in the above embodiment, a method of 
the first heating operation is the same as the second heating 
operation , the same advantages can be obtained even if the 

10 heating methods are different from each other. Furthermore, 

for the following reasons, it is more effective when the first 
heating operation is carried out by a contact type using the 
heating table and the like and the second heating operation is 
carried out by a non-contact type using a— hot-air heating and 

15 the like. Since the first heating operation is carried out by 
using the collet 4, the first heating operation cannot be 
carried out in a sealed space. 

For this reason, a more efficient heating process is 
carried out by the contact type heating method. Since the 

20 second heating operation can be carried out in a sealed space, 
the contact type heating method and the non- contact type 
heating method do not render any difference in efficiency. 
However, when the heating is carried out in a mult i- layer 
arrangement as shown in Fig. 3B, a heating apparatus employing 



the contact type has a complex structure, but a heating 
apparatus employing the non- contact type can have a structure 
similar to the heating apparatus of a single-layer arrangement. 
As a result, the latter apparatus is not complicated. 

It should be noted that a specific shape and structure of 
each part in the above embodiment is only an example of the 
present invention and thus does not limit the technical scope 
of the present invention. 



ABSTRACT OF THE DISCLOSURE 
The prGQcnt invention providco a A method of mounting a 
semiconductor laser component capable of preventing 
deterioration of laser characteristics and destruction of the 
semiconductor laser component due to a rise in temperature and 
a residual stress of the semiconductor laser component, wherein 
-fehe — component. The semiconductor laser component is mounted on 
a submount by heating and pressure -bonding, and is heated again 
up to a temperature more than a melting point of a bonding 
member at the released pressure to release the residual stress . 



